The possibility of producing biogas and methane from two phases olive pomace was considered using anaerobic digestion and the microbial characteristic of digestate for the agrarian use was analyzed. In the work, the main aim was to obtain biogas, made from at least 50% methane, and a digestate that can be used in the field of agronomy, from the anaerobic digestion of the substrates. The tests were carried out by digesting different mixtures of the two-phase pomace, mulberry leaves and mud civil wastewater (pre-digested) in a batch system and in anaerobic mesophilic conditions (35 °C). The substrates were properly homogenized in order to obtain mixtures of known and uniform composition. The initial and final STi (Total Solids) and initial SVi (Volatile Solids), the concentration of chemical oxygen demand and total phenols were measured and the process yield (m3/t SV) was quantified with standard procedure. The objectives of the study were the analysis of microbial biodiversity developed during fermentation of mixtures based products and the microbial communities corresponding to Eubacteria, Archaea and Fungiwas analyzed. The suitability of the digestate for agronomical use was evaluated by estimating pathogens bacteria that may be present and by index of inhibition of plant organisms model.
Introduction
 Following the energy crisis of the 70s concerns about the availability of renewable energy sources, considered alternatives to traditional fossil sources have increased. To limit CO 2 emissions and combat climate change, industrialized countries have initiated innovative energy plans [1] . New renewable sources were investigated and biochemical processes were developed. Many sources, such as crops, grasses, leaves, manure, fruit, and vegetables waste have been used and the process has been applied in small and large scales [2] .
Anaerobic decomposition of organic compounds is conducted in close cooperation with specialized microorganisms of different type, including mostly hydrolyzing, acidifying, acetogenic, and methanogenic one. The final stage of the digestion process produces biogas, containing CO 2 and CH 4 [3] . Anaerobic digestion of energy crops, residues and wastes is of increasing interest in order to reduce the greenhouse gas emissions and to facilitate a sustainable development of energy supply. The success of the biogas production will come from its availability at low costs and the broad variety of usable forms of biogas for the production of heat, steam, electricity and digestate for agronomic use [2] .
Salento as Puglia is an area with a high production of olive oil. The choice of subjecting olive pomace to the anaerobic fermentation, is a compromise between the need to dispose of a by-product of difficult management downstream, and concomitant production of biogas rich in methane and convertible into electricity and heat [4] . But the amount of phenols that characterizes the two-phase pomace is significantly greater and it can lead to low yields of D DAVID PUBLISHING anaerobic processes because of their inhibitory action [5] . In literature there are several studies in which different matrices are used, often in co-digestion, that will produce different results [6] . Fantozzi et al. [7] analyzed the process yields with different matrices: the comparison between two mix in which the same substrate is used, i.e. the pomace, with different co-substrate as inoculum (slurry and manure from different animal nature), showed how the substrate, if coupled with an inoculum as swine manure anaerobically predigested, offered good yields in terms of biogas production and methane.
Through a careful analysis of the advantages and disadvantages of using the anaerobic digestion substrate in two phases not pretreated in co-digestion with other substrates, it is possible to make estimates on the feasibility of the process in environmental, economic, legal, and social terms [8] .
The process of co-digestion is aimed at using of biomass of various types subjected to the same process of anaerobic digestion. This mode of digestion allows to obtain significant results in the benefit about yields of the process of environmental protection.
Manure, municipal wastewater and the organic fraction of municipal solid waste increase yields of methane, they are rich in microorganisms useful to the process, which is why they become good adjuvants in co-digestion systems in which they operate in the "start-up" phase of the process [9] . In some cases, the effectiveness of the production mix choice for co-digestion, proves discarding the possibility of a pre-treatment in order to optimize the process [10] . This saves on costs due to any pre-treatment to be applied to the incoming item in order to facilitate biomass degradation.
Creating biomass heterogeneous mix of different nature and considering the nutrients that are in there, a relationship of constant concentration to the required values can be established.
The use of biomass in different co-digestion allows to "balance" the pH to the desired value for the succeeding of the process, registering higher values of yield: Zhang et al. [11] , conducted an experiment in batch system to two phases (hydrolysis and acid genesis which are distinct in space and time) subjecting kitchen substrates with different pH values to anaerobic digestion; the analysis of their compared yields of methanogenic mix at different pH, highlighted how the achievement of an optimal pH value (pH = 7) ensured higher yields.
Furthermore, the microbial community structure influences the process stability and the biogas yield and it requires further efforts and it must be analyzed in more details. Recent studies have demonstrated that strong variations in the community structures occur during the fermentation which influences the process efficiency. Molecular analyses have shown the presence of numerous recently unknown bacteria which may have an important influence on the degradation process [2] . For this purpose, in the work the authors analyzed by culture-independent approach, the microbial community of digestate. In addition, they calculated the number of pathogenic bacteria present in this product.
The anaerobic digestion process occurs in reactors called digesters which are properly designed and, that will produce as final products a mixture of gases known as biogas, and a digestate from soil properties that makes this biomass output, a good resource in the agronomic field [12] .
The anaerobic digestion process results in a mineralization of organic nutrients, in particular nitrogen, and in a lowering of the C/N ratio. The digestate allows an accurate dosage and integration in a fertilization plan with a reduced application of additional mineral nitrogen fertilizers. The digestate can penetrate faster in the soil, and reduces the risk for nitrogen losses by ammonia emissions. Anaerobic digestion also results in a significant reduction of odors [2] . The anaerobic digestion process is able to inactivate weed seeds, bacteria (e.g. Salmonella spp., Escherichia coli, Listeria spp.) viruses, fungi and parasites in the feedstock which is of great importance if the digestate is used as fertilizer [13] . The decay rate depends on temperature, treatment time, pH and on volatile fatty acid concentrations. A 90% reduction of a Salmonella population is achieved at a thermophilic temperature (53 °C) within only 0.7 h whereas in mesophilic conditions (35 °C) at least 2.4 days are necessary [14] . For specific wastes, a separate pasteurization before or after the anaerobic digestion at 70 °C for 60 min is stipulated by the European Union Animal By-Products Regulation [15] . Pasteurization is an effective way of heat treatment, but bacterial spores are not reduced. Moreover, the digestate is particularly prone to recontamination.
In the work, the original digestate from anaerobic digestion of olive pomace, mud civil wastewater (previously anaerobic digested) and vegetable biomass was tested. The digestate was directly used for the germination test. It is diluted with sterile water but none of the treatment is effectuated and the effective present charge bacteria and % inhibition of plants model were measured.
Materials and Methods

Biogas and Methane Production
The system used to conduct the experiments of the anaerobic digestion has been manufactured by RES of Ravenna. It allows to perform digestions in batches (batch method), completely (or continuously) mixed (CSTR , Continuously Stirred Tank Reactor) and it is composed of two anaerobic reactors, an electrical panel and a computer.
The biogas produced was subjected daily, and several times a day, to the analysis by Gas Analyzer Geotech, in order to determine the proportion of methane, carbon dioxide, oxygen and "BAL" (expressed as % of Total Gas balancing, NH 3 , N 2 , H 2 S ... ) in the biogas produced during the anaerobic digestion process.
Data on the volume of the biogas produced were obtained by detecting the pressure probe and reworking the software provided by the RES company, and they were verified manually: Aspiration with syringe calibrated biogas accumulated in the bag, it was verified that the daily volume of biogas daily recorded by the software was the same as that taken manually. The quality of the biogas was instead monitored by analyzing the percentage of the species of gas, using the portable biogas analyzer.
The mixtures used in the tests of the anaerobic digestion, therefore, consist of two-phase pomace, civil wastewater sludge, mulberry leaves and water in different concentrations for a total volume of 4.5 L.
The breakdown percentage of TS (Total Solids % ), SF (Fixed Solids % ) and SV (Volatile Solid % ) of masters and mix at the beginning and the end of the fermentation were determined by protocol derived from the Standard Method 1684. COD (Chemical Oxygen demand) determination of the mix at the beginning and end of fermentation was obtained by Test NANOCOLOR COD 15000 in accordance with UNI ISO 15705 .
The concentration of Total Phenols was determined by the Folin-Ciocalteu [16] .
Rate of Germination in Plant Organisms Model
To determine the rate of the inhibition of germination and root elongation rate in Cucumissativus, Lactuca sativa and Avena sativa to the rate of germination was applied by the method APAT 3544, 2003.
The seeds of two cotyledons and a monocotyledon were exposed to the sample and incubated in the dark at a temperature of 25 °C for 72 h. After exposure, the seeds germinated are counted and by using of a ruler, the length of the root emerged from the seeds was measured. The effect on germination and root elongation is expressed as % GI (germination index %) in reference to the control (distilled water). Using a statistical method also it determines if the sample has a bio-stimulation or inhibition (II %).
The results obtained were processed using the statistical program for calculating R (software project of statistical computing).
DNA Procedures and Generation of PCR-SSCP Genetic Profiles
Total genomic DNA was extracted from the digestate samples at the beginning and the end of the fermentation phase using the 
Sequence Analysis of Products from SSCP Microbial Community Profile
All bands identified in SSCP polyacrilamide gels were excised with a razor blade. Then, blocks of gel were transferred in 50 µL of sterile water, and the DNA was allowed to diffuse overnight at 4 °C. The eluted DNA was reamplified with the same primers and PCR conditions described for PCR-SSCP analysis. PCR products were further tested by SSCP for purity and identity with the original bands in the community profiles and then cloned in pGEM T-easy vector Promega ® . Sequencing will be discussed in a future publication.
Determination of the Pathogenic Charge of Digestate
In order to determine the charge of the pathogenic species present in the digestate, the authors tested the growth ability of E. coli and Salmonella spp. on suitable selective media following Regolamento CE n. 1069/2009 and subsequent modifications.
Results and Discussion
Comparison of Biogas and Methane Production
By analyzing the daily biogas produced in each test it was possible to evaluate the performance of the process in terms of methane production with respect to the other gases present in the overall mixture (Fig. 1) .
It was shown that the mix containing sludge civil wastewater, two-phase olive pomace and dried leaves of mulberry (VS Total mix = 358.5 g), produced a good yield of biogas and methane in 40 days of fermentation (Figs. 2 and 3) . Furthermore, it acted as inoculum, because it provided a methanogenic microbial population adapted to grow/survive in the presence of this substrate. This mix demonstrated to can be effective to start further fermentations.
Tests of the process optimization showed a stable performance in terms of pH (Table 1) , and a good rate of COD reduction (on average of 70%), the Total phenols (on average of 65%) and Volatile Solids (on average of 90%). In particular, the mix B, which contained the inoculum taken from A in an exponential phase, was the test faster and the more efficient tests and it has produced higher yields of biogas and methane, expressed in m 3 /ton of Volatile Solids and m 3 /ton of original pomace (Table 1) . In literature there are few studies reporting data on the fermentation substrate which is not pretreated [21] . Almost all works report the fermentation substrate in co-digestion with other substrates and initiate the reaction with pretreatment of substrates or with the use of a nutrient solution of ignition and synthetic starter (Table 2 ). However, a comparison can be set with the data regarding the yields of methane expressed in m 3 /t VS and it demonstrated that the substrate was digested in two phases during the tests studied in this work and it produced methane.
Analysis of the Microbial Community of Digestate by Culture-Independent Methods.
To investigate the quantitative species composition and the temporal dynamics of the digestate microbial community during a 40-day digestion cycle in three independent experiments, a time course profiling of partial domains of the eubacterial/archaeal 16S rRNA and fungal 18S rRNA was performed by SSCP. SSCP is a technique that provided a meaningful picture of the microbial community evolution during a process. As shown in Figs. 5 and 6, the microbial community varied depending both of the mix and of the digestion step. At initial step, several species of Ei (Eubacteria) were significantly present in all three examined samples; whilst Fi (Fungi) and Ai (Archaea) were more abundant in B and C mixes compared to A. At final stage of the digestion process, the authors noted an increase of the Ef (eubacterial species) with respect to the initial stage of all three mixes. In addition, it was evident an increase of the Ff (fungal species) in B and C mixes and an increase of Af (archaeal specie) only in A mix. In future, the authors will provide to gain additional information about the identification of microbial species detected with SSCP analysis.
The microbial population colonizing the substrate typically consists of predominantly Alphaprotobacteria, Firmicutes, Gammaproteobacteria, and the yeasts Candida, Pichia, Saccharomyces and, in anaerobic conditions, Clostridium, and Chloroflexi Methanosaeta, as described by Ntougias et al. [22] .
Rincon et al. [23] analyzed the microbial community which is present in a bioreactor during the two-phase pomace anaerobic digestion. The groups represented are: Firmicutes (53.3% of the sequences analyzed) mainly consist of Clostridium; Chloroflexi follows to 23.4%, the Gamma proteobacteria (8.5%, mainly belonging to the genus Pseudomonas); Actinobacteria 6.4% and 4.3% Bacteroidetes. Among the Archaea found in this anaerobic system there are Methanosaeta concilii, a methanogenic acetoclastic, which is very common in the stable anaerobic systems and often represents the largest component of the methanogenic community. In literature it has been reported that sintrofic stable relations between Methanosaeta and Bacteria are easily created. Ntougias et al. [22] states that in mesophilic conditions the microbial community which is present during the anaerobic digestion of the substrate consists of Clostridium, Actinobacteria, Gammaproteobacteria, Bacteroidetes, Deferribacteres, Methanosaeta and Methanosarcina.
Goberna et al. [24] studied the performance of two phases pomace methanogenic communities in co-digestion with cow manure. Through techniques Microarray and qPCR (quantitative PCR) obtained comparable results in Rincon et al. [23] , confirming that the methanogenic communities acting in the substrate residue consists mainly of Methanosaeta. Specifically in the mix consisting of substrate and manure microorganisms of the species Methanosarcina, Methanoculleus, Methanobacterium, Methanobrevibacter and Methanosphaera were also detected.
Whereas the starting substrate, two-phase pomace, and the process conditions (in mesophilic anaerobic reactor, 35th) in the work are similar with respect to the work of Ntougias et al. [22] , Rincon et al. [23] , Goberna et al. [24] , it can be assumed that the species displayed on SSCP in Figs. 5 and 6 are similar to those reported in literature.
Seed Germination Test
The seed germination test of plant organisms model of digestate was made on samples of the effluent of the test B, that, for the purpose of the work it was more efficient in terms of yield of methane and reaction speed.
Tests were carried out for the germination of plant species which are sensitive to rapid growth, Cucumissativus (Fig. 7) , Lactuca sativa (Fig. 8) and Avena sativa (Fig. 9 ) and the main results are shown in the Tables 3-5 . The data were processed through the statistical program R applying the Bonferrani Test: At the same letters are not significantly different averages correspond (n = 30, p = 0.05 ).
Dilutions were made with distilled water, 1:5, 1:10 to 1:20 and it was found that already at a digestate dilution 1:5 is not toxic. For this reason, in the paper, it shows the results obtained during the test with 1:5 dilution, which coincides with the data of distilled water, and during the test in which it was used as it is digested. Germination tests were performed on filter paper and Table 3 shows the results obtained when testing with Cucumber: 30 seeds of selected species on soil in Petri dishes (three replicates for each) were planted.
It is evident that the germination of Cucumber seeds is inhibited mainly by the pomace [25] , but the digestate and the undigested mix, although qualitatively different influence in a very similar the root growth.
In the case of Lactuca sativa germination is completely inhibited by the presence of the two phases olive pomace, while the digestate as it has a discrete value of germination, higher than that of the mix is not digested (Table 4) .
Avena sativa, notoriously a resistant species, which is able to grow even in adverse conditions do not show a high rate of inhibition in the presence of undigested mix and digestate, the values are equal. The index of inhibition observed in the presence of substrate is higher instead ( Table 5) .
The index of germination medium of the three model plants of digestate as it is equal to 70%. Digestate as it inhibits the growth of Cucumissativus, Lactuca sativa and Avena sativa in a lesser extent than the olive pomaceis observed in all cases. The 1:5 dilution allows a germination of 100% and reduces to zero the rate of inhibition.
The charge pathogens were measured in all samples. The mix A (source of inoculum) and B showed a higher charge of E. coli compared to the samples C, probably because in this mix there is more water than in A and in C. There is no specific legislation governing the hygienic quality of the products involved, pomace and plant biomass. Therefore, reference was made to the Regulation CE n 1069/2009, as amended, for effluents of the process of the anaerobic digestion with a biogas production from by-products animal. The limit set by Reg. CE n 1069/2009, is to 5 × 10 3 in a gram for E. coli and absent in 25 g Salmonella. For this reason, it can be said that the microbial load of pathogens which is present in the digested analyzed is acceptable; during the anaerobic digestion a reduction of the charge of pathogens occurred, as described by Smith et al. [26] and Scaglia et al. [27] , who report an initial charge of 10 7 ± 10 8 cfu/g for E. coli and 81 ± 2 MPN g/dm for
Salmonella, therefore the digestate can be used in the field as fertilizer or compost.
Conclusions
The results of the tests A, B and C allow to deduce a positive judgment on whether to bring full-scale processes conducted in laboratory scale; the tests performed provide the basis for further experiments regarding the methanogenic potential of not pitted pomace two phases and the concept of "exploitation" of industrial waste, otherwise treated as waste. It was shown that a mixture containing a substrate rich in methanogenic like the mud civil wastewater, pomace and vegetable matrices (Test A) to use as the power of the digester, serves as inoculum, because it provides a methanogenic population adapted to the substrates, and it is effective for initiating the following fermentations; the concept of the inoculum is also usable in Continuous Digesters. All tests examined have given good results compared to those reported in literature [28] [29] [30] [31] . It should be emphasized that the step of sampling the inoculum is determinant in the start of the fermentation and for the optimum production of methane.
Furthermore, tests were performed germination of plant organisms model and analysis of the charge of the pathogens present in the effluent of the anaerobic digestion process. The results obtained suggest that the digestate output has the characteristics of suitability to be used as a soil amendment (the charge of pathogens is acceptable) and does not harm the crops to which it is subjected when diluted 1:5 with water.
In the work, a molecular analysis of the microbial community present during anaerobic digestion was initiated and a representative image, by SSCP technique, of the diversity of microorganisms active and linked by relationships syntrophic was given [3] . Understanding the role that specific microorganisms play and being able to identify, then through using molecular techniques, it is useful to deepen the knowledge of the process and optimize the performance of the anaerobic digestion of the substrate [23] . In conclusion, it can be said that:
 The use of an inoculum prepared ad hoc, starting from the digestate output from an anaerobic treatment of the same biomass to be used for the digestion in continuous, it is essential, so that the methanogenic microorganisms, are already adapted to the conditions of reactor that those nutrients, can ensure a better and more rapid biodegradation of the organic matter;
 The study of the dynamics of the microbial population using molecular techniques, especially those methanogenic species, provides useful information about the process. DGGE and FISH techniques or through comparison of profiles in the database, can be useful to optimize the yield of digestion, in that, to obtain more information on the characteristics of the active species allows to recreate the optimal conditions for the growth of certain microorganisms and increase the production of methane;
 It was observed a reduction of the charge of the pathogens after fermentation [27] . The germination test on plants useful model was played to assess the % inhibition of original digestate than the original pomace and the results show a slight growth inhibition for the original digestate, while the rate of inhibition of pomace as such is greater in all cases [25] . No inhibition was detected on digestate diluted (1:5) (Fig.  6) . Then, the digestate output from the two-phase olive pomace anaerobic digestion has the characteristics of suitability for use as a soil amendment;
 Testing new mixtures with husk and plant biomass in the area, it allows the authors to offer alternative solutions to the problem of pollution, seasonality and storage of products and it allows mills to ensure continuous functionality of digesters, with significant cost savings and energy.
